• A new three-parameter model, called the inverted exponentiated Lomax distribution is proposed. • Essential properties are studied. • Based on Type I censoring, maximum likelihood estimators and asymptotic confidence intervals are provided.
INTRODUCTION
The Lomax (L) distribution is a significant and widely used lifetime model. It has been employed in some areas, as; income, size of towns, queuing theory etc. It utilized for stochastic modeling of minimizing failure rate. The L distribution can be deduced as a special case from the compound gamma distribution [1] . The L distribution has been proposed as a substitutional to the exponential distribution for heavy-tailed data sets [2] . The L distribution has been applied in right censored data [3] . The record values of the L distribution have been proposed in [4, 5] . Bayesian and non-Bayesian estimators of the sample size for L distribution, depending on Type-I censored (TIC) samples were discussed in [6] . The estimation of the L distribution under optimum step -stress accelerated life testing has been studied in [7] . The estimation of the L parameters depending on hybrid censoring samples has been considered in [8] . The estimation of the L distribution in accelerated life tests was discussed in [9] . Modified and extended versions of the L distribution are available such as; Marshall-Olkin extended-L distribution [10, 11] , exponentiated Lomax (EL) distribution [12] , transmuted EL (TEL) distribution [13] , extended Poisson-L distribution [14] , exponential L distribution [15] , Weibull L distribution [16] , power L distribution [17] . Furthermore, EL geometric distribution, power L Poisson distribution, exponentiated Weibull L distribution and inverse power L distribution have been discussed in [18] [19] [20] [21] .
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The EL has the following cdf and pdf (see [12] ),   ( ; , , ) 1 (1 ) , , , , 0, Simulation studies are performed in Section 5. In addition, real data applications are performed in Section 6. The paper closed with a conclusion in Section 7.
INVERTED EXPONENTIATED LOMAX DISTRIBUTION
The importance of inverted distributions appears in applications related to many areas such as; econometrics, biological and engineering sciences, medical research and life testing. So, the main aim here is to introduce the IEL as the inverse form of the EL distribution. It is clear from Figure 1 (a) that the shapes of the IEL pdf are flexible for some selected parameter values. Also, as seen from Figure 1 (b) that the behavior of the hrf are decreasing, reversed J-shaped, increasing and up-side-down.
STATISTICAL PROPERTIES
Statistical properties of the IEL distribution including; moments, quantile measures, Rényi entropy, and distribution of order statistics (OS) are derived. 
Moments
The k th moment about zero for the IEL distribution, using pdf (6) , is derived as follows
Then Equation (7) 
To check how the mean and variance change for different parameters values, numerical results are provided via Mathcad (14) . Table 1 gives the mean and variance of the IEL distribution for diverse parameter values. From Table 1 , it can be detected that both values of the mean and variance of the IEL decrease as the values of  increase and increase as the values of  and  increase. 
Quantile Function
We can determine the quantile function of Z ~
where, u, has the uniform random variable in the interval (0,1). Individually, the first quartile, second and third quartile are obtained by substituting u=0.25, 0.5 and u=0.75 in (9) . The Bowley skewness ( BS ); (see [22] ), based on quantiles, is given by
Further, the Moors kurtosis ( MK ); (see [23] ) is defined as 
Rényi Entropy
Entropy has been utilized in disparate directions, for instance; science and engineering. Furthermore, it is a measure of variation of the uncertainty. The Rényi entropy of a random variable Z, for 0,
.
The Rényi entropy of IEL distribution is obtained by inserting pdf (6) in (10) as follows
After simplification, the formula becomes =0.2,0.5,1,3
Distribution of Order Statistics
The pdf of the qth OS of the IEL distribution is determined.
be the OS for a random sample 12 , Z ,..., Z n Z of size n from the IEL distribution. It is recognized that, the pdf of the q th OS (see [24] ) is defined by
Utilizing the binomial series expansion for
Inserting cdf (5) and pdf (6) in (11), we obtain
As specifically, the pdf of the smallest OS; (1) Z , can be obtained as:
As well, the pdf of the largest OS;
() n Z , can be obtained as:
PARAMETER ESTIMATION
The point and approximate CI estimators of the IEL population parameters, under TIC scheme, are obtained using ML technique.
Let (1) 
, so for simplicity, we write i S instead of () i S . The partial derivatives with respect to the parameters are obtained as:
r r
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SIMULATION STUDY
In this section, a numerical study is presented to examine the behavior of the estimators for different parameter values. The behavior of the estimates of unknown parameters is measured by their mean square errors (MSEs), relative biases (RBs), standard errors (SEs), lower confidence bound (LCB), upper confidence bound (UCB), and length of 95% CIs. The numerical procedures are formed as follows:
Step (1): 1000 random sample of sizes 50, 100, 150, 200, 250 and 300 are selected, these random samples are generated from the IEL distribution.
Step ( 
     
The termination time is selected as T=0.3.
Step (3) : The MSEs, RBs, SEs for all samples sizes and for all selected sets of parameters are computed. Furthermore, the LCB, UCB and length with confidence level 0.95 for all samples sizes and for all selected sets of parameters are calculated.
Numerical outcomes are reported in Tables 2 to 5 . Based on these tables, we can detect the following about the performance of the estimated parameters: 1. For all sets of parameters, SEs of all parameters decrease as the sample sizes increase (see Tables 2, 3 and Figure 5 ). 2. The MSEs and RBs of ,  and  decrease as the sample sizes increase for different selected sets of parameters (see Tables 2, 3 and Figure 4 ).
The MSEs and SEs of  are smaller than the corresponding MSEs and SEs for the other estimates of
 and  in almost all of the cases (see Table 2 ). Figure 5 . SEs for Set3 4. As it seems from Figure 6 , the SEs of  for all sets of parameters have the smallest values for the same sample size. Also, it is clear that Set 1 has the smallest SEs corresponding to the other sets of parameters. 5. For all sets, it is clear that the length of CIs for the model parameters decreases as sample size increases (see Tables 4, 5 and Figure 7 ). 6. As it seems from Figure 7 , the length of ,  and  decreases as the sample sizes increase for different selected sets of parameters (see also, Tables 4 and 5) . It is also clear from Figure 10 that the IEL distribution provides a better fit and therefore be one of the best models for this data set.
Figure 4. MSEs for Set1

Data Set 2:
The second data set represents remission times (in months) of a random sample of 128 bladder cancer patient's [26] . Table 8 gives the ML estimates of the model parameters and their SEs (in the parentheses) for the 128 bladder cancer patient's. The results in Table 9 indicate that the IEL model is suitable for this data set based on the selected criteria. The IEL model has the smallest values corresponding to other models. 11 . Estimated pdfs and cdfs of models for 128 bladder cancer patient's It is also clear from Figure 11 that the IEL distribution provides a better fit and therefore be one of the best models for this data set.
CONCLUDING REMARKS
In this paper, three-parameter model, called the inverted exponentiated Lomax distribution is proposed and discussed. Some of statistical properties of the subject model for instance, quantile measures, moments, Rényi entropy and distribution of OS are obtained. The ML method is implemented for estimating population parameter depending on TIC sample. Also, the approximate CIs are obtained. The simulation study is implemented to check the performance of the estimators. Practical relevance and applicability of the IEL distribution are illustrated via real data sets. The real life application indicates that the IEL model produces a good fit than the other competitive models.
